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Abstract
Thermal power need to operate, on a daily basis, with frequent and fast load changes to balance the large variations of 
intermittent energy sources, such as wind and solar energy. To make the integration of carbon capture to power plants 
economically and technically feasible, the carbon capture process has to be able to follow these fast and large load changes 
without decreasing the overall performance of the carbon capture plant. Therefore, dynamic models for simulation, optimization 
and control system design are essential.
In this work, we compare the transient behavior of the model against dynamic pilot data for CO2 absorption and desorption for 
step-changes in the flue gas flow rate. In addition we investigate the dynamic behavior of a full-scale post-combustion capture 
plant using monoethanolamine (MEA) and piperazine (PZ). This analysis demonstrates the good agreement between the 
developed model (dCAPCO2) and the pilot measurements at both, transient and steady-state conditions. It outlines how the time 
needed to reach a new steady-state varies with respect to amine type and concentration. The simulation study reveals that it is
essential to control the lean solvent flow to avoid sudden changes in the CO2 removal rate and to avoid increased heat demand of 
solvent regeneration. In addition, it shows how storage tanks (liquid hold-up of the system) can be designed to accommodate 
significant upstream changes in the power plant management. This flexibility is especially needed for operation in future mixed 
green energy market.
©2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Programme Chair of The 8th Trondheim Conference on Capture, Transport and Storage.
Keywords: Dynamic modeling; flexible operation; post-combustion CO2 capture; model validation; pilot plant operation.
* Corresponding author. Tel.: +45 45252868,  ; fax: +45 45882258 .
E-mail address: plf@kt.dtu.dk
Available online at www.sciencedirect.com
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Programme Chair of the 8th Trondheim Conference on CO2 Capture, Transport and Storage
206   Jozsef Gaspar et al. /  Energy Procedia  86 ( 2016 )  205 – 214 
1. Introduction
Renewable energy sources may change the energy market and become the next generations of power production 
however the energy infrastructure is not yet ready to shut-down the fossil-fuel fired power plants. Thermal power 
plants supply our daily energy needs and they will dominate the market in the coming decades, especially in 
developing countries. Therefore, the growing focus on reducing CO2 emissions requires implementation of CO2
capture units in fossil-fueled power plants. 
Several carbon capture alternatives are under development. Solvent based post-combustion capture is one of the 
most promising technologies. Various experimental and modeling studies have demonstrated its maturity and they 
have shown that it is ready to be implemented on a large scale [1-8]. However, most of these studies focus on 
steady-state operation of the thermal power plant with integrated CO2 capture. 
Full-load operation of thermal power plants and capture units is unrealistic. Power plants need to handle 
fluctuations resulting from various sources, such as peak in energy demand, change in green energy production, raw 
material heterogeneity, malfunctioning of equipment, etc. Dynamic response studies are essential to gain knowledge 
about possible bottlenecks during dynamic operation and they are needed to enable flexible and economically 
efficient operation of a power plant with integrated CO2 capture. The dynamics of the entire plant must be 
understood. Consequently, dynamic models for CO2 absorption and desorption as well as dynamic testing in 
experimental setups such as pilot plants are essential in order to investigate the operation of such plants, for 
optimization and for control system studies [6]. Moreover, implementing flexible operation features, such as solvent 
storage tanks, flue gas bypass or venting systems may improve the energy efficiency of the carbon capture process 
[9]. Flexible operation will significantly reduce the capture process energy penalty while insuring that both, the CO2
capture level and energy demand, are met.
The solvent storage tanks system is one of the flexible operation configurations which consist of two tanks: (i) 
rich storage tank to collect the solvent exiting the absorber before it is regenerated, (ii) lean storage tank of the same 
size to collect the lean solvent leaving the stripper. The role of the lean and rich solvent tanks is to decouple the 
operation of the power plant and capture plant [10] to make it more flexible. Moreover, it partially decouples the 
operation of the absorber and the desorber. During periods of high electricity price, the rich solvent is stored, 
allowing high electricity output. During periods of off-peak electricity price, the stored rich solvent from the storage 
tank is fed and regenerated. Unlike a bypass/venting system, the solvent storage systems allows meeting the CO2
emission regulations.
The aim of this work is two-fold: to compare the developed mechanistic first principle based dynamic 
mathematical model for CO2 absorption and desorption to pilot plant dynamic data and to investigate the transient
behavior of a carbon capture plant for large load changes. In addition, we investigate the importance of the solvent 
storage tank configuration for flexible operation of the post-combustion capture plant. The simulations are carried 
out using the dCAPCO2 in-house dynamic model [11]. This model applies the General Method (GM) enhancement 
factor [12] to calculate the CO2 mass transfer rate and it uses the extended UNIQUAC thermodynamic model
[13,14] for thermal properties and equilibrium prediction.
2. Data acquisition for dynamic operation of a CO2 pilot absorber
Performing dynamic pilot CO2 absorber and desorber experiments to validate dynamic models is a complex task.
A step-change in process parameters like gas or solvent flow rate, reboiler heat input, etc. results in fluctuating 
process parameters. These conditions cannot be matched by a model since they are caused by instantaneous 
measured and unmeasured disturbances. Therefore, online monitoring and adequate control of pilot plants is 
essential to produce suitable dynamic data for model validation. A good approach, to avoid highly fluctuating 
systems, is to introduce incremental step changes to the process parameters instead of sudden changes in the inputs
[15]. Reducing the step size minimizes the process disturbances and reduces the noise and the fluctuations in the 
data.
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Fig. 1. Density correlation of 30 wt% MEA at different loadings for temperatures ranging from 20 to 50 ºC.
Due to fast changes in the outlets when changing the inlets, online monitoring is needed. While the inline 
measurement of gas and liquid phase temperature and flow are relatively simple, other important parameters, such as 
composition of the gas and of the liquid phase are complicated to measure. NDIR probes are generally used for 
determining the CO2 content of a gas mixture. However, they cannot handle liquid and they must be placed in a 
bypass, outside the column. Moreover, some probes are not suitable to measure in wet gases and they require a gas 
conditioner. Sønderby et al. [5] have shown that CO2 probes give the highest fluctuations after changing a process 
parameter and they are the last to stabilize. Therefore these probes are not suitable for monitoring the dynamic 
behavior of a pilot plant. 
The solvent CO2 loading cannot be measured inline. Offline titration is a possible solution for determining the 
liquid phase CO2 concentration. However, the workload of this method is unreasonable high for dynamic operations
and the experimental error is in the order of ±4% [5]. A promising solution is correlating the CO2 loading to 
properties like density, conductivity, pH, etc. Especially density correlates strongly with CO2 concentration [16] and 
measurements can be performed easily. It is important to note that these properties are highly temperature 
dependent. Optical measurements can also be used to estimate the CO2 loading in real time [16]. For example, 
Fourier transform infrared spectrometry (FTIR) provides very high accuracy, but the cost of this equipment is more 
than 20-fold of a density-meter [16].
Density measurements give an acceptable balance between accuracy and cost. However, correlations which 
account for the concentration of CO2 and amine as well as the temperature of the sample must be developed and 
validated. Therefore, experiments for measuring the density of a 30 wt% MEA solution at different CO2 loadings,
from 0.2 to 0.4, for temperatures ranges from 20 to 50 ºC were performed. These experiments were compared to 
experimental data and density correlations from Weiland [17] and Amundsen [18]. Fig. 1 shows the measured values 
against the density correlation by Weiland et al. [17]. This figure demonstrates the good agreement between Weiland 
model and the measured values. An analysis, not shown in this work, demonstrated that the Amundsen correlation
deviates from the data and from the Weiland’s model, especially for lower CO2 loadings. 
It can be concluded that the Weiland et al. [17] correlation can be used with certainty for correlating density of 
loaded MEA solution to CO2 loading. 
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3. The used dynamic CO2 capture model
This section briefly presents the dCAPCO2 mechanistic first principle based dynamic model for CO2 absorption 
and desorption using monoethanolamine (MEA) and piperazine (PZ). The proposed model describes the space and 
time variation of the state variables, i.e. temperature and composition of the gas phase and liquid phase. The two 
film model gives the mass transfer flux between the gas and liquid phase. An enhancement factor accounts for the 
reaction between CO2 and MEA respectively PZ. 
In the development of the model, we assume:
• Mass transfer between the phases is bi-directional. 
• The flow fields of the column are turbulent.
• No fluid accumulation in the gas and liquid films.
• MEA is non-volatile.
• Reaction takes place only in the liquid film.
• Heat loss to the surroundings is negligible.
The models developed for CO2 absorption and desorption are similar with the exception that the desorber 
requires a reboiler unit. With the above assumptions, the mass balances for the gas phase and the liquid phase are:
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where yi is the mole fraction of component i in the gas phase; Xi is the apparent mole fraction of component i in 
the liquid phase. Ni,g and Ni,l denotes the gas and liquid flux of component i; Ji,gl is the mass transfer flux of 
component i through the gas-liquid interface. Component i can be CO2, H2O and amine, e.g. MEA, PZ, etc.
In addition, we assume that the volatile components condense at the gas-liquid interface releasing the heat to the 
liquid. Therefore, the conservation of energy for the gas phase and the liquid phase are:
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Ug and Ul are the internal energy of the gas and liquid phase; Qg and Ql are the heat flux; qconv refers to the heat 
transported through the gas-liquid interface; qcond is the heat flux by conduction; and qgen gives the generated heat by 
reaction or condensation/evaporation. The dynamic model uses the [19,20] mass transfer and hydraulic models and 
an in-house physical-chemical property package secures the accuracy of the calculations [21]. The extended 
UNIQUAC thermodynamic model gives the vapor-liquid equilibrium and thermal properties [14]. More details can 
be found in [11,22].
4. Results and discussion
In this study, first we compare the transient response of the model to dynamic pilot plant data for step-changes in 
the flue gas flow rate. We show calculated and measured absorber CO2 outlet concentrations, CO2 removal rates and 
temperature profiles for the absorber and for the desorber. Secondly, we simulate a 200 t/h CO2 capacity post-
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combustion capture plant using MEA and PZ. We investigate the open–loop behavior of this capture plant for large 
load changes of the power plant and we evaluate the importance of the storage tank capacity on the load following 
capabilities of a capture plant. 
4.1. Validation of the dynamic CO2 capture model
In this section, we simulate a 1 t/h CO2 capacity pilot plant using 30 wt% MEA. We compare the dynamics of the 
absorber and of the desorber to model predictions for two scenarios: (test 1) flue gas flow ramp down from 5000
Nm3/h to 3500 Nm3/h and (test 2) flue gas flow rate ramp up from 4100 Nm3/h to 5000 Nm3/h.
These scenarios represent a change in the power plant load, considering only the change in the flue gas flow rate.
It is important to note that the pilot plant was operated in open-loop control. At the beginning of each test case,
approximately 90% CO2 removal rate was reached, and then the flue gas flow rate was changed, keeping all other 
variables constant.
The dynamic campaign was carried out using an approximately 13.7 dry mol% CO2 flue gas and it was saturated 
with water before entering the absorber. The gas flow was contacted with a 30 wt% MEA solution with a loading of 
0.21 mol CO2/mol MEA. Both of the packed columns, absorber and stripper, have a diameter of 1.1 m. The height of 
the absorber is 17 m and the height of the stripper is 10 m. The heat to the reboiler was supplied by utility steam 
from the power plant at 2.5 barg. More details regarding the pilot campaign can be found in [23].
Fig. 2A and Fig. 2B show the variation over time of the main inlet parameters for the absorber and the desorber
for test 1 and test 2. Fig. 2A presents the flow rate and the CO2 concentration of the flue gas entering the absorber.
Fig. 2B shows the flow rate of the rich solvent and the CO2 loading of the rich feed entering the stripper. These 
figures outline how the inlet parameters had some variations during the tests since the flue gas originates from a real 
power plant. For example, the absorber inlet CO2 concentration fluctuated in the range of 12.92 to 14.35 mol% (test 
1) respectively 13.12 to 14.35 mol% (test 2).
Fig. 2. (A) Absorber inlet flue gas flow rate and CO2 mol fraction; (B) Desorber feed flow rate and rich CO2 loading.
Fig. 3 compares the change in the vent gas CO2 concentration predicted by the model to pilot plant data. It can be 
seen that the pilot and the model almost overlap during transition from one steady-state to another. This is a 
remarkable result, especially considering the fluctuations in the inlet parameters, see fig. 2A. The deviation between 
model and experiment is the most visible at low CO2 concentrations, below 0.5 mol % when steady-state is 
approached. It may be due to greater measurement errors at low concentrations. It may also be due to higher 
uncertainty of the physical and thermodynamic model at low CO2 concentrations. For increased flue gas flow rate 
(test 2) when the CO2 capture rate decreases below 90%, the model and the pilot results almost overlap. The model 
predicts very accurately the CO2 capture rate for flue gas ramp-up conditions. 
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Fig. 3. Vent gas CO2 mol fraction (dry basis). Fig. 4. CO2 product flow leaving the stripper.
The CO2 flow rate exiting the top of the stripper is presented in fig. 4. This figure demonstrates that the model 
follows quite well the changes in the CO2 flow rate. However, the pilot plant has a smoother behavior compared to 
model predictions. This is most likely due to the fact that the sump of the absorber is not modelled in this work.
Therefore, the rich feed from the absorber directly enters the stripper leading to the absence of mixing effects. 
These results demonstrate how the model is able to capture the trend of CO2 mass transfer rate in the absorber 
and desorber. The standard deviation in the vent CO2 concentration is 1.46 % and it is 0.08 t/h for the CO2 product 
flow rate. An off-set can be seen in fig. 3 and fig. 4 for the initial (t = 0 min) simulation time. It is most likely due to
biased steady-state starting point. In this analysis, we assume that the pilot plant was at complete steady-state before 
the step-change, which is not necessarily true. It is hard to ensure steady-state in real pilot plant, especially when the 
flue gas results from a real power plant. 
Fig. 5. Liquid temperature at the top, middle and bottom of the 
absorber.
Fig. 6. Liquid temperature at the top, middle and bottom of the 
desorber.
The accuracy of the heat balance for the absorber and the desorber is reflected in fig. 5 and fig. 6. They present 
the calculated temperature of the absorber respectively desorber at the top, middle and bottom of the column. The 
simulation results are compared to pilot measurements. 
This analysis reveals the good agreement between model and pilot. The model captures well the dynamics of the 
plant. The deviation between model and experiment for the absorber generally is less than 4 K. The greatest 
deviation can be seen for the middle temperature value, up to 6.1 K. As expected, the difference between calculated 
and measured temperature in the stripper is a bit higher [24]. The deviations are around 3 – 5 K for the top and 
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middle temperatures. However, the temperature of the liquid entering the reboiler is determined very accurately with 
a deviation of 0.2 to 1.4 K.
Fosbøl et al. [24] have investigated the expected predictability and variation of some calculated simulation 
properties. They have concluded that a 5 – 10% deviation should be expected when comparing model to 
experimental data. Some properties, such as outlet temperature (top respectively bottom), solvent temperature to 
reboiler are more trustworthy than other properties such as stripper top CO2 flow, reboiler temperature, in the mid 
sections of a column, etc.
Therefore, it can be concluded that the model captures very accurately the transient behavior of the pilot plant and 
also predicts well the steady state values. The predictions fall in the expected range of accuracy.
4.2. Simulation of a full-scale CO2 post-combustion capture plant
4.2.1. Process boundaries
In this paper, we investigate the flexibility of a traditional post-combustion capture process configuration with the 
option of storing a fraction of the lean solvent in a buffer tank during start-up, periods of peak electricity prices and 
shut down operations. The base case load operating conditions correspond to a 200 t/h CO2 capacity post-
combustion capture plant using MEA and PZ solutions. The loading of the lean solvent is 0.21 mol CO2/mol
alkalinity. The flue gas is specific for a coal-fired power plant, i.e. a flue gas containing 14.1 mol% CO2, saturated 
with water. The carbon capture plant is designed for 90% CO2 removal rate and 70 % flooding at full load operation 
of the thermal power plant. Moreover, the carbon capture unit is equipped with heat exchangers to secure the 
cooling of the lean solvent and to provide constant preheating of the rich solution entering the stripper.
4.2.2. Sensitivity analysis of CO2 post-combustion capture
We investigate the open–loop behavior of the process when the power plant is ramped down to 50% and it is 
ramped up to 30% above the base load. We assume that a change in the power plant load changes the flue gas flow 
rate but not the CO2 composition of the flue gas. In this simulation scenario, the liquid flow rate is kept constant, 
while the reboiler duty is adjusted to reach an equivalent lean loading of 0.21. Note that the steam input to the 
reboiler is relatively constant, only small adjustments, (up to 10%) are needed. The flue gas flow rate varies
according to the specifications in fig. 7A.
Fig. 7B and fig. 7C show the simulation results for CO2 capture using 30 and 40 wt% MEA and PZ solution. 
Fig. 7. Dynamics of the post-combustion capture plant during load 
changes for the MEA and PZ case.
Fig. 8. (A) Flue gas and lean solvent flow rate; (B) CO2 removal rate 
and (C) Specific reboiler duty for different storage tank capacities.
The results reveal that a decrease of the flue gas flow rate results in a significant increase of the CO2 removal rate 
and vice versa. This was expected since a smaller gas flow is contacted with the same amount of solvent.
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Furthermore, fig. 7B substantiates that the process reaches a new steady-state in less than 25 min when the flue gas 
flow rate decreases. 
For increased flue gas flow, the system stabilizes more slowly, more than 30 min. The time needed to reach a 
new steady-state varies with solvent type (MEA, PZ) and concentration. MEA reaches a new steady state faster than 
piperazine for both concentrations, 30wt% respectively 40 wt%, when the flue gas flow is ramped up. However, for 
flue gas ramp down, PZ reaches steady-state conditions before MEA. This behavior may be related to the stronger 
influence of the flue gas flow on the temperature for the PZ system compared to MEA.
Fig. 7C outlines that the specific reboiler duty (SRD) increases sharply by 40% to 50% when the flue gas flow 
rate is reduced. This behavior is related to the rich loading of the stream leaving the absorber. At reduced gas flow 
rate, less CO2 is captured and the CO2 loading of the rich stream is reduced. Therefore, smaller amount of CO2 will 
be removed in the stripper which gives a higher SRD.
The ramp-up of flue gas flow in Fig. 7, 30% above base load, increases the SRD only by 5 to 15 %. Even though 
the CO2 removal percentage reduces, the CO2 absorption rate increases compared to the base case and it leads to 
increased rich loading. The model behaves as expected, higher rich loading gives a lower SRD and vice versa, see 
[25]. Fig. 7C shows how the increase in the SRD (flue gas ramp down scenario) is up to 10% higher for MEA and 
the decrease of the SRD (flue gas ramp up scenario) is the greatest for the 40 wt% MEA and PZ solutions. 
Therefore, 30 wt% MEA corresponds to the worst case scenario from an economic point of view due to high heat 
demand of solvent regeneration.
4.2.3. Load following operation for limited storage tank capacity
In this section, we highlight the importance of the solvent storage configuration for flexible operation. Similar to 
the above described scenarios, a 50% gas flow decrease respectively 30% increase, compared to the base load, is 
simulated. The focus is on exemplifying the effect of the tank hold-up (capacity) on CO2 removal efficiency and 
specific reboiler duty. We apply a random noise (disturbance) to the CO2 concentration (±0.3 mol%) and to the flow 
rate (±0.3 kmol/s) of the flue gas in order to mimic a flue gas flow coming from a real power plant. In this analysis, 
we implement a decentralized control structure to keep the CO2 removal rate at 90% and the lean loading out of the 
reboiler at 0.21. The removal rate is controlled by changing the solvent flow to the absorber and the lean loading is 
regulated by manipulating the steam flow to the reboiler. More details regarding the design and performance of the 
implemented controller can be found in [22].
In this study, we simulate four scenarios. The first scenario, full capacity, corresponds to a tank designed to 
accommodate changes in the liquid flow rate, necessary to maintain the CO2 removal at 90%, while the flue gas 
flow changes between 50% and 130% of its base load value. Three scenarios are discussed for under-designed 
buffer tanks: 70%, 40% and 20 % of the full capacity scenario. Fig. 8A shows the variation of the flue gas and 
solvent flow rate for all of the cases. 
In practice, an under-designed storage tank may result in: (a) excess solvent volume for CO2 capture for flue gas 
ramp down and (b) limited solvent volume available for CO2 capture for flue gas ramp up. In case of excess of 
solvent (case a), the removal rate surpass the 90% CO2 removal set-point while for limited solvent volume (case b), 
the 90% CO2 removal set-point cannot be met. This is exemplified in fig. 8B.
Fig. 8 underlines that in order to keep the 90% removal rate, the solvent flow rate must decrease to 17 kmol/s 
when the flue gas flow reduces and it has to increase to approximately 52 kmol/s for flue gas ramp up scenario. 
However, for limited storage tank capacity, the hold-up of the system is less than required for operating the CO2
capture plant at the desired set points. For example, the 20% capacity case has a minimum solvent flow of 34.3 
kmol/s and a maximum solvent flow of 43.7 kmol/s. One might see that this is considerably smaller range than for 
sufficient hold-up (full capacity).
Fig. 8C shows the effect of various tank capacity cases on the heat demand of solvent regeneration. It 
demonstrates that the specific heat duty slightly reduces when 90% CO2 capture is met for decreased flue gas flow.
However, for under-designed storage tanks, the specific reboiler duty increases noticeably, see figure 8C from 70 to 
180 minutes. This is especially true when the liquid hold-up is less than 70% of the design value (70 % capacity). 
Furthermore, the analysis reveals that the liquid hold-up (capacity of the storage tanks) has little effect on the heat 
 Jozsef Gaspar et al. /  Energy Procedia  86 ( 2016 )  205 – 214 213
demand when the capture plant is operated 30% above the base load, seen on operation minutes 200-300 in the 
figure. However, the SRD at 20% capacity is slightly lower compared to full capacity which is due to the lower 
solvent recirculation flow rate. It is important to note that generally the 90% CO2 removal percentage cannot be met 
if the storage tank capacity is less than 50% of the design value.
These findings are in accordance with the open-loop analysis of the post-combustion capture process, as shown in 
fig. 7. It can be concluded that it is essential to control the solvent flow to avoid sudden increase of the specific 
reboiler duty. Therefore, storage tanks (liquid hold-up of the system) must be designed to accommodate changes in 
the flue gas flow. 
5. Conclusions
In this paper, we validate the dCAPCO2 mechanistic dynamic mathematical model for CO2 absorption and 
desorption. We demonstrate the accuracy of the model against real dynamic data obtained at a 17 meter absorber 
and 10 meter desorber with a diameter of 1.1 m pilot plant. In addition, we investigate the open-loop response of the 
process using 30 respectively 40 wt% MEA and PZ and we evaluate the effect of the liquid hold-up (solvent storage 
tank capacity) on the CO2 removal rate and specific reboiler duty. Results for large load changes of the power plant
are shown. Furthermore, we compare the Weiland at al. [17] density correlation against experimental data at various 
temperatures and CO2 loadings. The analysis shows that the model proposed by Weiland [17] predicts well the 
density of loaded MEA solution at different temperatures. This model can be used to determine the solvent CO2
loading from density measurement.
We compare the predicted and measured vent gas CO2 concentration, the CO2 product flow rate and the 
temperature (top, middle and bottom) of the absorber and of the desorber. The analysis reveals that the model 
describes fairly well the transient behavior of the pilot plant. It outlines how the model follows well the changes in 
the vent gas CO2 concentration. However, it under-predicts the CO2 concentration of the clean gas for low L/G ratio 
when the CO2 concentration is lower than 0.5 mol%. This discrepancy between the model and pilot may be due to 
measurement errors which become more significant at low concentrations.
The variations in the CO2 product flow are also very well captured by the model. However, the pilot shows a 
smoother behavior compared to the predictions. One possible explanation of the observed fluctuations in the flow 
rate may be that the sump of the absorber is not modelled. Therefore, any variation in the absorber outlet directly 
propagates to the stripper. The predicted temperature of the absorber and desorber agrees well with the measured 
values. The deviations are in the range of 1 to 6 K. Therefore they fall in the expected range of accuracy.
This study also shows the simulation of a 200 t CO2 /h capacity post-combustion capture plant with and without 
storage tank. It presents two operation scenarios: (a) flue gas ramp down to 50% and (b) ramp up to 30% above the 
base load. The open-loop simulation of the CO2 capture plant using 30 and 40 wt% MEA and PZ demonstrates how 
the time needed to reach a new steady state differs as function of solvent type and concentration. Note, the solvent 
flow rate is kept constant during this analysis. Furthermore, it outlines that the specific heat duty increases 
significantly with respect to solvent flow rate when the capture percentage exceeds 90%. The change in the removal 
rate is less for the flow rate down scenario when the capture rate falls way below 90%. 
An additional closed-loop simulation of the same 200 t CO2 /h capacity post-combustion capture plant was 
carried out. During this analysis the CO2 removal rate is kept at 90% by manipulating the lean solvent flow rate. The 
lean loading out of the reboiler was adjusted to 0.21 by varying the steam flow to the reboiler. The simulation shows 
how the implemented control structure is able to keep the plant at the desired set points for large load changes. 
An additional evaluation exemplifies the effect of under-designed storage tanks. In practice, an under-designed 
storage tank corresponds to insufficient liquid hold up of the capture plant. Therefore, the solvent flow rate cannot 
be decreased enough and the removal rate exceeds 90% for decreased flue gas flows. In case of increased gas flow, 
the available solvent volume is insufficient and it leads to lower CO2 capture. It is important to note that any change 
in the capture rate leads to higher heat demand of CO2 stripping.
This work demonstrates that the implemented model and its numerical implementation enables transient 
simulation of a post-combustion capture plant and it can be used for dynamic optimization and control strategies 
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development. It reveals that the storage tank configuration is a viable option for flexible operation of the power plant 
with integrated carbon capture plant, without additional increase of the operational cost. Moreover, this option 
enables regenerating of the rich solvent at off-peak electricity prices, therefore it can significantly reduce the overall 
energy penalty of post-combustion CO2 capture. 
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